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INTRODUCTION
Monitoring plays a fundamental role in following-up the evolution of anesthesia and in prevention, diagnosis, and treatment of adverse events. the minimal monitoring of one electrocardiographic derivation, blood pressure, and pulse oximetry, besides capnography in patients undergoing mechanical ventilation, is considered obligatory during anesthesia regulated by a specific medical legislation on the matter (cfM Resolution 1802/06). each monitor contains an alarm system, in general a sound and/or light, set to go off at different levels of severity when the data being monitored strays away from predetermined limits or whenever some flaw in the equipment is detected. individual non-integrated alarms, more than being bothersome, tend to create acoustic chaos 1 and they can compromise the quality and safety of patient care 2 .
Besides, several studies have shown a high rate of false alarms, which can be higher than 90% 2,3 . One study demonstrated that out of 1,455 alarms only 8 represented critical risk and potential risk to the life of the patient 4 . Another study suggested that alarms only indicate risk to the patient in 3% of the cases, and that in 75% of the case they are false alarms. this was demonstrated in a study in 50 different institutions 5 . One can infer from those studies that the majority of limit-based alarms have little or no impact in the care of critical patients 2,3 .
the large incidence of false alarms can result in dangerous desensitization of health care professional regarding true alarms 3 . One study suggests that even anesthesiologists frequently turn off the alarms due to the of unacceptably high incidence false alarms 6 . it is evident that alarm systems are in urgent need of improvement 3 .
the objective of the present study was to describe the development of "smart alert" software based on the integration of monitoring data during anesthesia and on a set of rules that can be adjusted by the anesthesiologist. those alerts provide important information on patient status and possible risk situ-Vol. 61, n o 1, January-february, 2011
SMARt AleRtS: DeVelOPMent Of SOftWARe tO OPtiMize DAtA MOnitORinG ations that are not clearly seen by the presence of individual alarms. this use of multiple variables can also be a way of eliminating false alarms, as shown by Ali et al. 7 .
METHODS
the present study was developed in a laboratory with simulation of monitoring data without specific investigation of patients. A specific software integrating data monitored and indicating possible diagnosis according to specific parameters or association of parameters was developed. this type of system may be considered a decision support systems, also known as clinical Decision Support (cDS).
Any software developed to aid directly a clinical decision is a cDS system. in such systems individual patient characteristics are compared with a data base to generate alarms, checklists, and even possible diagnosis or interventions that are presented to the physician. those systems can improve performance regarding medication doses, preventive treatments, and even diagnosis 8 . in fact, it is believed that those systems can increase the efficacy and improve the quality of patient care 9 . in a well known study in this area, Westenkow et al. 10 demonstrated the effects of smart alarms in the response time of anesthesiologists although this type of system is not widely developed, since it requires knowledge in software and integration with the clinical field 5 .
the cycle of development of a technologic project includes the definition of requirements, development, verification of requirements (tests), and evaluation during use or in simulations 10 . An anesthesiology expert team from the Hospital das clíni-cas, faculdade de Medicina of Universidade de São Paulo was involved in the process and in the definition of the rules that would be used to configure the alarms after the system was ready. the team was also involved in validating the system in a simulated environment.
from the initial investigation of obligatory monitoring data, the expert team performed possible alarm integrations with clinical meaning. the software development team was in charge of implementing the system that analyses the data captured by the monitoring equipment and displays messages that support the decisions defined for each alert.
the prototype was evaluated by the expert team, and additional suggestions were integrated in the final product.
the system analyses continuously the set of monitored parameters, verifying the occurrence of alerts defined in the user interface, and it was designed to give the anesthesiologist flexibility in the definition of the alarms.
An alert is defined by one or more combined logic rules by "OR" and/or "AnD" operators. On its turn, each rule is formed by one parameter, one comparison operator (greater than or smaller than), and a numerical value (e.g., heart rate > 100).
When an alert is formed by the combination of rules through the AnD operator, the alert will be triggered when all rules are simultaneously fulfilled. in the case of the OR operator, at least one of the rules should be fulfilled to trigger the alert. the combination of operators allows great flexibility. the operator can also define a delay time for triggering the alert requiring the alert to be active for a given time to trigger the alert, therefore avoiding some false positives. finally, the anesthesiologist should define the message to be displayed in the moment the alert is triggered.
During development patient simulators were used and the product underwent laboratorial testing with data from real surgeries to verify the occurrence of smart alerts in a surgical environment. for this, a database recorded during the study developed by zamper et al. 11 to validate a computer system to elaborate the anesthesia record was used. this database contains information on 64 real medium and large surgeries under general and regional anesthesia.
for each surgery, the number of smart alerts detected was compared to the amount of individual alerts triggered. for this, only the alarms of the parameters used in the alert definition were used.
RESULTS
Smart alerts used for these tests resulted from an investigation of the expert team and are depicted in table i.
Analyzing the data of the set of 64 surgeries, one can notice that 514 alarms were triggered and only 39 smart alerts, which were for bradicardia and hypertension and tachycardia, representing a 92% potential reduction in the amount of alarms (table ii) . even considering the importance of critical alarms such as low SpO 2 the association of this isolated alarm with the smart alarms allows a significant reduction in the total number of alarms. in 46 surgeries (72%) no smart alerts were detected and among those surgeries only one (2%) did not show alarms of isolated parameters, while the remaining 45 surgeries showed a total of 278 alarms, an average of 6 alarms per surgery. in 18 surgeries (28%) 30 smart alerts were detected, an average of 2.17 alarms per surgery. in those surgeries, the occurrence of alarms was 236, an average of 13 alarms per surgery.
Among the cases evaluated, electronic anesthesia reports of nine cases of high risk patients were selected. the occurrence of simple alarms and smart alerts was analyzed to verify the conditions of their occurrence (table iii). We observed 119 situations of intraoperative alarms generated, 17 of them caused by a reduction in SpO 2 . thirty-one situations that generated tachycardia alarms and 21 of hypotension were observed, although in only 9 conditions smart alerts indicating the association of tachycardia and hypertension were observed. On the other hand, among the 15 cases of alarms for bradycardia and 11 for hypotension in only one situation the alert for bradycardia associated with hypotension was observed. 
DISCUSSION
the present study presented a software to integrate all monitoring data and generate information on possible diagnosis and interventions. those can be even more useful for the anesthesiologist when compared with the information provided by a single parameter. Based on the literature and on the results of the present study, one can conclude that the enormous rate of false alarms in a surgical environment and the small significance of those alarms regarding patient care are responsible for those alarms to be disregarded or, at least, underestimated by the anesthesiologist.
in this context, one can realize that there is much to be done to improve the quality of information presented by the alarm system during follow-up of anesthesia. the use of cDS systems is one way of making the monitoring data more significant for the physician. Besides integrating monitoring clinical parameters, those systems can help decision making. this system allows compilation of anesthesiology knowledge in a series of rules that use simple logic. it also allows determination by the anesthesiologist of which rules will be adopted and which risk situations will be observed.
the first result obtained in this study was a table with possible logic combination of the levels of some parameters determined by a team of experts in the field.
the increase of quality in patient care due to the exhibition of messages of possible diagnosis is yet to be proven in patient studies.
We conclude that the system developed can be useful in the daily practice of the anesthesiologist, and information displayed by the system can be sometimes useful to analyze individual parameters.
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Justificativa y objetivos: la monitorización es útil en el seguimiento de los parámetros vitales y en la prevención, diagnóstico y tratamiento de eventos adversos en anestesia. las alarmas, aunque sean útiles en la monitorización, pueden causar una peligrosa desensibilización del usuario. Aquí hemos querido describir el desarrollo de un software específico para la integración de los parámetros de monitorización intraoperatoria, generando "alertas inteligentes" que puedan ayudar en la toma de decisiones, además de indicar posibles diagnósticos y tratamientos.
Método: se proyectó un sistema que permitiese la flexibilidad en la definición de las alertas, combinando las alarmas individuales de los parámetros monitorizados para generar una alerta más elaborada. posteriormente a la investigación de un conjunto de alertas inteligentes consideradas relevantes en el ambiente quirúrgico, se obtuvo y se evaluó un prototipo, y las sugerencias adicionales fueron implementadas en el producto final. para la verificación de la incidencia de las alertas inteligentes, el sistema fue sometido a pruebas con datos previamente obtenidos durante la monitorización intraoperatoria de 64 pacientes. el sistema desarrollado permite un análisis continuo del conjunto de parámetros monitorizados verificando el surgimiento de las alertas inteligentes definidas en la interfaz del usuario.
Resultados: Con el uso del sistema, verificamos un potencial de reducción de las alarmas en el umbral del 92%. Notamos también, que en la mayoría de las situaciones en que no fueron generadas alertas, las alarmas individuales no representaban situaciones de riesgo para el paciente.
Conclusiones: la implementación de herramientas de software pueden posibilitar la integración de los datos de monitorización y generar informaciones como posibles diagnósticos o intervenciones. se verificó una reducción potencial expresiva en la cantidad de alarmas durante la anestesia. las informaciones que el sistema mostró pueden ser algunas veces más útiles que el análisis de parámetros aislados.
Descriptores: CompUtADoR, Ingeniería de software, CDs; eQUIos: Alarmas Clínicos; moNItoRIzACIÓN, Intraoperatório.
